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fhe Lvolution of Data base #anagement Systems

Uata base management systems have evolved from the file management
systems developed following the addition. of direct access storage
devices to computer systems in the mid 1960°s. These devices allowed
thwe selection of a sinpgle record from any location within the storace
device given its unique storage address. The main objective of both
file and data base management systems is to provide generalized data
access and manipulation for the data associated with an application

systen.

File management systems provide data sccess to the records of one or
more files from an application prcgrém- The files supported by a file
management system may have differing structures, 1i.e. the physical
organization of the record cccurrences of the record-type constituting
the file’s data. A file structure aims at optimizing data access to one
or a sub-set of the records of the file. The more complex of these
structures supplement the user data with control data in the form of

indicies or pointer sets to aid the data access.

Tne basic file structures are illustrated in figure 1 and presented in

some detail in [Veiw, 1980]. These structures include:

l. Sequential files
in which the physical sequence of the vrecord occurrences
corresponds to the ordered sequence of the data walues of one

of the attributes of the records of the file.
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Direct files

in which record placement is calculated by a wuser provided
conversion routine which calculates a storage address from a
data value, normally a unique identifier such as the American

social security number.

Index Sequential files

in which the user data is stored sequentially according to the
data values of the record identifiers or keys. The user data
is logically divided into sub-files and an index 1is generated
with the high key value from each sub-file and the address of
the sub-file. Location of a single record within the indexed

file requires a search of the index followed by a search of the

relevant sub-file.

Linked files

in which the data records within the f[ile are connected by
pointers which form record chains joining those recorcs
belonging to soue logical sub=-set of the data. There may be
many sSeparate chains of records within the file and any one
record may be a member of several of these chains. In linked
files the pointers are stored within the record area of the

separate records.

Inverted files
in which data records belonging to a sub=-set of the data,

particularly containing a common data value, are identified by
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pointers stored in a file directory with the data wvalue

identifing the record set.

The file structures each support a specific access type:
sequential access: sequential and index segquential files
single record access: direct and index sequential files
group record access: linked and inverted files.

The choice of file structure for a specific data set depends on the

access requirements of the application system.

Development of the software to provide file management was divided
petween the computer  vendors, who have traditionally supplied
sequential, direct and index sequential file management software and the
users who were left to develop systems to support group access. This
has resulted in a proliferation of data management systems, the most
advanced of which received the name of data base management systems as
early as 1967 [Bleier, 1967) with TS a Time-shared Data Management

systeims

The avalilability of peneralized data mapagement systems allowed
application systems to increase the number of files which could be
processed. dowever the diversity of tne software lead to the
development of independent application systems using, in many cases,
overlapping data, as each system tended to use its “own” data management
routines and more importantly its own definition of the file structures.

Inis situation lead to extensive data redundancy among tine applicaticn
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systens of the same organization.

DATA VANAGEMENT REQUIREMENTS:

In the late 1900"s, so many users/owners of multiple application systems
each with multiple files, were expekiencing problems with data
management Lhat several committees were formed to review the
state-of-the-art of data management software [CODASYL, 1969]), develop
data management requirements [Guide-Share, 1970] and suggest a standard
for data base management system structures [CODASYL DBTG, 1971]. From
the reports of these committees, the development work of the major

computer vendors and proposals from the user and research communities a

consensus of what data base management systems should be has evolved.

sriefly a data base management system, DBMS, should provide data
management facilities for inter-related data types for multiple data
users. The major objectives of a DBIS are to provide:

l. data storage and retrieval

for inter-related data of wmultiple record types.

2. definition and support for inter-data relationships,

3. support for multiple access paths from multiple users,

4. reduction of data redundancy,

5. support of multiple users while providing data privacy and
integrity.
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data basec management systems differ f{rom file management systems in  two
important areas: the data types administered and the importance placed
on the data resource. A 0B#S 1is designed to administer data
representing two or more inter-related objects as two or more record
types wito UBHS maintained relationsiip data, while the [ile manapgement
system establishes separate files for each object/record type and leaves
tne generation and maintenance of the inter-relationships to the user

application programs.

Secondly, in DBMS environments, the data is assumed to be the central
area of concern, while the current aﬁplication programs are assumed to
be a sub-set of the possible users of the data. Thus the DBHS tends to
structure the data for future as well as current usage. In file
management system environments, the application program set 1is assumad
to be of central coucern, while the file structures selected are
intended to optimize processing of the current applications. Future

users must conform to the current structurss.

The shift of emphasis from program management to data wmanagement 1is
illustrated in figure 2. OUne consequence of this shift is that the bLull8
must maintain a wore detailed description @ of the data, its
inter-relationships, usages and users than the file management system.
This enables the DBUS to support more complex data retrieval as well as
provide a higher level of data usage monitoring and security control for

the shared data within the data base. Another consequence is that the
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LBHS  environment facilitates the addition of uew applications and

modification of existing ones.

DBES ?LACHHENT?

A DS is a service system, which exists to facilitate data management.
As such it can be considered a part of the operating system software and
is frequently offered as a software product in line with the system’s
compilers. The user application programs may or may not make use of the
DBHS. Figure 3 illustrates the placement of a DBMS within the computer
system software. Generally, a DBUS will make wuse of the existing
system”s file management routines, particularly the direct access file

structuress

DBIS - US#R INTERFACES:

The wuser interface offered by a DBHS ranges from supplementary
programming statements to natural language. The interface language
provided is determined by the system constructor’s view as to who is to
use the DBMS. DBIMSs have been classified by their interface languages

into:

l. tHost language systems,
in which user access is through DBIIS access statements imbedded
in a programming language, most commonly in COBOL and PL/I
tinough FORTRAJ and assembly language interfces are  also

available.
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Popular systems of this type are 1IBHM's TIMS [IBit, 1971],
UNIVAC”s DiS-1100 [UNIVAC 19781, MRI System 2000 [MRI,1972],

IDUS [Cullinane, 19M) and LOTAL [Datapro 1972].

2. GSell contained systens,
in which the user specifies his/her data request through a DBHS
language without wusing a programming language. The interface
language is a fairly restrictive subset of English (only
because these systems have been constructed for the English

speeking market).

Example systems include: ADABAS [Software AG, 1971], SEQUEL

{Chamberlin and Boyce, 1974].'

Inis classification of DBIIS types has only 1limited wvalidity as the
differentiation stems from the particular system’s view as to who is to
be the primary user of the DBiIS, an application programmer or the “end
user’, (the user of the data itself). As experience wich DiBlSs
increases many systems liave supplemented their user interface to service

multiple user typess.
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UBUS STRUCTURE:

A DBJS can be considered as a system with three basic components, as
illustrated in figure 4. Not all DBHSs are clearly divided in this
fashion, however the functions implied must exist. These basic

components are:

l. Data Base llanagement Routines, DBMK,
which include =211 the software required to provide data
management for a data base. Primary facilities of the DBHR

ares

1. a data definition language, DDL,
which is used to define the data elements, record=-types and
inter-record relationships which are to be stored within
the data base,

2. a data manipulation language, DiL,

which provides the language interface between the user and
the DBUS,

3+ data storage and retrieval,
4. access control,
5. back-up and error recovery and

be data base structure maintenances.
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2. a SCHIklA *)
which contains the data and user definitions required by the
DBMNA  to service the user requests wvia the DIL statement
structures. Generally the BSCHEMA nust provide information

about the data base content at three separate levels:

L+ the conceptual schema

describes the total, logical data content of the data base,
without details of the current physical layout of the data,

2. tne external schemas
describe those data required for each user or application.
There will be as many external schemas as there are
diverging usages of the data base data. Bach external
schema must pe consistent with the conceptual schema.

3« the internal schema
describes the current layout of tihe data base, including a
description of the indices and relationship data which
exist.

The schema data can be fairly simplistic, corresponding to the

data definition section of a CUOBOL program or can be quite

complex, encompasing the function of a2 data dictionary

[Veim,1979/sec«4 "B Schena Components’].

*) The term SCHEHA as a Di:iS component originated in  the CODASYL
DBTG  proposal [CODASYL DBTG, 1971]. There has been much debate
on the content and structure of the SCiUEdAA. The SCHIHA sections
here correspond tu the ANSLI proposal [ANSL/A3/SPARC, 1975].
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3. the data base,
which cohtains the user data as described in the SCHEMA as well
as any 1ndices and relationship data generated by the Dk
structuring routines. The structure of the data base Iis
determined by the SCHEMA descriptions and the structuring
algorithms of the particular DPiIS. The data base structure is

generally built on the concepts of linked and inverted [iles.

1. Record occurrences
of each particular record-type are either stored
consecutively via direct cor sequential structures or linked
together forming a linked structure.

2+ Inter-record type relationships

are represented by link structures, less frequently by
consecutive placement or inverted indices.

3. dindices .

for access to single record occurrences, are  most
frequently implemented using inverted structures.

A DBIS requires a data base administrator, DbA, whose primary function
is to define the data base content and structure and provide general
administrative services to tihe user community. The D8ilit/DDL provides a
tool for the D3A for the definition and maintenance of the system
SCHE A The actual

eneration and maintenance of the data base

e
Ly

structures is a function of the DBIIR storage routines.
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The conceptual SCHEHA provides a total view of the data base content and
the union of logical relationships desired by the user community. This
schema level is actually a descriptive model of the data within the data
base. Prior to defining the conceptual schema, via the DDL, a more
general data model.For the proposed data base is counstructed. A oaumber
of structures for this DB model have been proposed of which three have
made significant impact on the design of DBiS software. These models,

illustrated in figure 5, are:

L. tHierarchic models
implemnented in Ivwi’s IS and éystem 2000 (among wmany others),
whilch require that tne data be ordered by record/object-type in
a strict tree structure. Access to any record within the data

model is through Lhe parent hierarchy from the root level.

2. Network models
preoposed by CUDASYL®s DBTG and implemented by UNIVAC s DI1S=1100
and TOTAL (among wmany others), allow the data, ordered into

record-types, to be inter-related in a network structure, i.e.

allowing the defiuition of multiple access paths to any record.

3. Helational models
proposed by Codd [Codd,1970] and implemented in SEQUEL [Boyce

and Chamberlin 1973] as well as used in ADABAS, require the

definition of a base set of relations  describing the
Center for Digital Economy Research
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fundamental  interdependencies of the data elements or
attributes. Thercafter any valid combination of attributes wmay
be specified f[or retrieval and manipulation. The set of base

relations form the DB model for the data base.

The objective of the data wodel is to record, as completely as possible,
thie logical content and relationships of the data for the data base.
Secondly, the model provides a control that the relationships defined
are consistente. D8MS implementation tends to follow the implementor”s
idea of the “best” data model and the resulting data base will reflect

tne complexities and costs imposed by the model types.

A hierarchic data base is the most straight forward for implementation,
as the primary relationships can be implemented using consecutive
storage thus reducing the requirement for supplementary links. Howaver
the resulting data base is rigid and difficult to modify. Searches for

data alonj secondary structures are not supported.

The network data base requires relatively extensive use of linkages, a
liok path for each relationship. The indices supporting access to
individual records use inverted structures. Thus the generation and
waintenance of the network data base 1is more complex than the

hierarclhiic, however multiple access requirements are supported.
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[ne relational data base is, conceptually, the least complicated, as
eacn relation (record-type) is treated as a file and the record
occurrences stored consecutivley. Access is in principle unrestricted,
nowever the selection algorithms frequently require full data base
searches. In practice a relational data base will employ both links and
indices to improve access performance and reduce data redundancy. The
resulting structure maintenance 1s comparable to that required for

network structures.

Current Trends

Hone of the existing DBMSs fulfill all of the desired requirements for
data management. [ost particularly the user interface needs improvment.
Also required are aids for determination of good data base structures
for a given application. tach of the three major DB model types, with
their supporting DBii3Ss offer good facilities and we will see a trend

towards incorporating these good features in future systems.

Particularly work is ongoing with:

le DBUS support of multiple DB models
Particularly within the user community for a particular data
base, there is a reguirement to be able to define the separate
external schemas according to a DB model which “fits” the

particular application or functional area.
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multiple user interface languages

Again thé data base user environment ranges from the UBA,
through application programmers to the end users who process
the data via enactment of transactions, statistical analysis
and pgeneral inforwation retrieval or report preparation. #ach
of these functional areas has different requirements for a

preferable data language.

increased SCHEWA sophistication
Particularly incorporation of data dictionary facilities with

accompanying query language.

DBUS control of data structure generation and maintenance

Which teday 1s a manual task of the DUDBA but which can be
effectively monitored by the DBuiR. Also DBudS support Ffor
extending the data coverage of the data base, i.e. support for

the addition of new data types and relationships.

DB design aids

Linking D& design to general system’s analysis.

bData base machines

or ‘back-end’ machines are being developed to off load the
central computer for pgeneral data administration, particularly
lengnty logical searches through a data base. The DB machine
is functionally similar to the ‘“front-end” machine handling

terminal and peripheral units for a central machine.
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A DLBHS is a data management facilicty which has evolved as cowmputer
facilities have become more readily available, botn in cost and data
storage capabilities. Their further development 1s dependent on

increased data processing sophistication of the end users.
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Rec.no.

Hecsnoe

O W 0~ WP -

<s-=-id, name,

course, other data ees>

1234 : ADAM i SAD

5678 : BRUCE : DB

9012 : CLARK : SAD

3456 i DAVID : DB

7890 : ERIK PLC :

<s=-id, name,

Ll

Figure la: Sequential file (on nawe)

course, other data «..>

7890 ¢ ERIK : PLC

Y012 : CLARK : SAD

1234 : ADAM : SAD

3456 : DAVID : DB : ]

56/3 + BRUCE : DB

Figure lb:

Direct file #)

#) The transformation algorithm used for this file takes the last

of

record addresse.
same digit will be synonyms, i.o0.
same address.

the

key field and adds 1, using the result as the

Note that with this algorithm, all keys ending
be assigned to the
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INDEX FILE

DATA FILE

Key Address Hecenoe <s-id, name, course, PR,
BRUCE I [ ] 1234 @ ADAU : SAD z
DAVID : 3 hﬁﬁ“‘anﬁkh 2 5678 SRUCKE : DB
ERIK 5 3 9012 CLARK : SAD 3
4 3456 : DAVID LB
5 7890 ERIK FLC
Figure 1c: Index Sequential File (on name) *1)
Recenoe. <s-id, nane, course, «.:><pointers>
1 1234 ADAYM SAD : 3\
2 5678 : BRUCE  : DB | a}l |
2 9012 CLARK SAD 0
4 3456 DAVID DB 0
5 #;;;Qm“:-LQIK PLC & ; 0
Figure 1d: Linked File (on course) #2)

%#1) The bleck size for this file contains two records.

®2

The overflow

arca for nev records 1s not shown, but would be a separate area,

normally with chained records and an

Index.
There are three ‘course” chains
represented 1in the file;

for

overflow

the

SAD, DB and PLC.
last record of the chain is set to 0.

address 1n the
three courses
The pointer in the
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DIRECTORY
Search Address
Key List
DB 2 &
PLC 5
SAD l i, 3
Figure le:

FIGURE 1:

DATA FILE

Receno. <s=-1id, nanme, course, se.>
1 1234 : ADAN : SAD 2
2 5678 : BRUCE : DB :
3 9012 : CLARK :+ SAD
4 3456 ¢ DAVID : DB :
5 7890 : ERIK : PLC
Inverted File (on course)
FILE STRUCTURE EXAMPLES
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